Introduction
In this paper we are concerned with control of systems with second-order dynamics modelled by the following system of ordinary differential equations. 
MS(t) + D&(t) + Kx(t) = Fu(t)
In view of the system time-invariance (4d) we will henceforth use to = 0. 
Passivity, or positivity, can now be seen to be the special case where P = R = 0 and Q = I. Strict passivity is obtained by defining R = -o_I and Q = I. Similiarly, we obtain input-output stable systems by choosing P = -I and R = k_I where k is the gain.
Suppose G is a given system, for which we wish to design a controller H, arranged as shown in Figure  1 .
The feedback system, or alternat.ively the pair (G, H), is said to be externally Figure  I) with zero external inputs.
Proof: We will demonstrate a Lyapunov function for the closed loop system. Let S1 and $2 be storage functions for G and H respectively. Define 7".= (rl, r2) and similarly y.
We have ul := rl -y2 and us := r2 + yl. It is clear that the interconnected system ( Figure   1 ) is dissipative with storage function S := 5"1 + $2 and supply rate _(__,__) = _l(u_,yl) + _(u,,y,).
We will show that S is in fact a Lyapunov function for the closed loop system. 
Then, for some p2 > O, the system
Proof: For arbitrary p > 0, define the supply rate _(., y) := (y,-p_y) + (y,Q_,). 
1 F -pZ(C_v, C_v) + (v, F_r)dw 
Defining uT(t):= Pru(t)
as in equation (7), let yT(t) he the output which corresponds to the input uT(t). 
where Q, c 2 and wc are as defined in the statement of the previous theorem.
The input space
U is restricted to inputs with it E £2(U).
Proof:
Define the positive number p2 as in the previous theorem. . If the actual system damping is greater than the estimate, the closed loop system will still be stable.
Note that this result could also have been obtained through defining the multiplier function L = Q(c 2 +s). We feel however that there are several advantages to using dissipative system theory. The first one is that supply rates such as (u, ._)) may be defined without the problems of causality and stability associated with the multiplier function s. More importantly, we think that the the choice of supply rate is clearer when it is known that the system "dissipates energy" in some sense. 
iO Adjust the controller gain so F2 =//'2:
Defining z := (xl, xs) we can write the closed loop system as
This is a stable second order system as long as the matrix
is positive definite i.e. it represents the stiffness matrix for two "springs" K and Ks connected in series. This is true if E > Ks. Noting that F2 =/(2 and Q = I, this inequality is identical to the condition (11) arrived at using the dissipativeness criterion.
If we have scalar systems, the choice E = ks leads to a stable closed loop system.
Setting the reference inputs to zero, ul = -vs = ks( 2 -xl)
The controller in this case reduces to a spring-mass-dashpot system connected in series with the system mass as shown in Figure 3 .
For ds = 0, the system is just two spring-masses connected in series.
As ks is increased, the stiffness of the system increases. For d2 > 0, the system is always stable for rl ----_ ) u'_l°I Y' y2 t . I_u2 
